A single mutation in Saccharomyces cerevisiae conferred sensitivity to low concentrations of actinomycin D. Treatment with actinomycin D preferentially inhibited synthesis of rRNA's Residual rRNA synthesized was processed normally. Total 
The antibiotic actinomycin D has been widely used as an inhibitor of RNA synthesis. This drug intercalates at guanosine * cytosine pairs in DNA and presumably interferes with RNA chain elongation (22) . Of particular interest is the ability of actinomycin D to selectively inhibit the transcription of rRNA. Transcription of rRNA in mouse L cells is 50 to 100 times more sensitive to low doses of actinomycin D than is synthesis of heterogeneous nuclear RNA (14) .
The yeast Saccharomyces cerevisiae is relatively insensitive to actinomycin D, probably due to poor permeability (17) . Although there are reports of the effect of actinomycin D on the induction of yeast enzymes, massive doses of the drug were necessary for an effect to be noted (4, 17) . In view of the many effects of high concentrations of actinomycin D (16, 18) , it is difficult to disting side effects from specific effects and to compare results with those obtained in higher eucaryotes. A mutant of S. cerevisiae sensitive to actinomycin D has been reported (21) , but its osmotic sensitivity leads to difficulties in growing and maintaining the strain. Studies of RNA synthesis with this mutant have produced results quite different from those found in other eucaryotic organisms. It is anticipated that studies of RNA metabolism might be more conclusive if conducted under conditions of low actinomycin D dosage in a sensitive strain possessing fewer physiological aberrations. A new mutant strain of S. cerevisiae was isolated whose growth properties are relatively normal and whose sensitivity to actinomycin D is comparable to that of higher eucaryotic cells.
MATERIALS 300C, and replica plated to minimal medium the following day to select diploids. Complementing diploids were transferred to sporulation medium and incubated at 30°C for 5 days. Ascospores were dissected by micromanipulation after digestion of the ascal wall with Glusulase (Endo Laboratories). Linkage analysis was performed with the formula of Perkins (13).
Growth curves. Cell viability was determined by plating appropriate dilutions from liquid cultures onto YEPD plates and counting colonies after incubation for several days at 300C.
Isotopic labeling. Total RNA and protein syntheses were monitored in spheroplasts treated with actinomycin D after 2-h recovery in SCM. Spheroplasts were divided into aliquots and labeled with 5 Analysis ofRNA. Total cellular RNA was isolated from spheroplasts as described by Udem and Warner (20) . Between 5 x 107 and 5 x 10' spheroplasts were harvested by centrifugation at 3,000 x g for 5 min. Spheroplasts were lysed in 5 The phases were separated by centrifugation in a swinging-bucket rotor at 1,000 x g for 5 min. The upper aqueous phase was removed and re-extracted twice with a fresh mixture of the organic phase. The combined organic phases were re-extracted with LETS buffer. The aqueous phases were pooled, and LiCl was added to total 0.5 M. Two volumes of 95% ethanol were added, and the RNA was allowed to precipitate for at least 12 h at -20°C.
Extracted RNA was analyzed by electrophoresis in 2.75% polyacrylamide disc gels (12) modified to contain 5% glycerol. Gels were sliced and counted as previously described by Udem and Warner (20) .
Maltase induction. Cells were grown in SC medium and transferred to YPM to induce maltase. At intervals, samples were removed and a-glucosidase activity was assayed according to the method of Needleman and Eaton (11) . Cell samples were washed with distilled water, resuspended in phosphate buffer (50 mM K2PO4, pH 7.4), and disrupted with glass beads in a Braun homogenizer for 3 min. Homogenates were centrifuged at 20,000 x g for 10 min. A 0.2-ml amount of the supernatant was mixed with 0.7 ml of phosphate buffer and 0.1 ml of PNPG (3 mg of pnitrophenyl-a-glucoside per ml). The mixture was incubated for 1 h at room temperature, and the reaction was stopped by adding 1 ml of 1 M Na2CO3. The absorbance at 440 nm was read in a Beckman spectrophotometer. The induction of maltase was measured in spheroplasts placed in YPM supplemented with 0.4 M MgSO4 as an osmotic support. Spheroplasts were disrupted by osmotic lysis in phosphate buffer, and the lysate was treated as described above. whether actinomycin D had a differential effect on the synthesis of RNA and proteins, the kinetics of incorporation of radioactively labeled adenine and leucine were examined (Fig. 2) . These studies were conducted on spheroplasts of mutant AG1 grown at 25°C. The incorporation of radioactivity into trichloroacetic acidprecipitable material was linear with time for at least 1 h in all cultures. Duing the first hour of treatment with up to 20 ,ug of actinomycin D per ml, the rate of protein synthesis, monitored by leucine incorporation, was nearly identical to that of untreated spheroplasts. In contrast, the rate of RNA synthesis, followed by adenine incorporation, was severely affected by actinomycin D. Since the average half-life of yeast mRNA is 10 to 15 min (8, 9), the continued synthesis of protein, while total RNA synthesis is severely inhibited, suggests a differential effect of actinomycin D on mRNA and rRNA. Synthesis of rRNA. rRNA was selectively labeled with 3H-[CH3]-methionine, and the extracted RNA was analyzed on polyacrylamide gels. Compared with untreated spheroplasts (Fig. 3A) , the rate of rRNA synthesis was greatly reduced in spheroplasts treated with low doses of actinomycin D (Fig. 3B, C, and D) . After treatment for 10 min with 1 Ag of actinomycin D per ml, the synthesis of rRNA was reduced by 70%. The residual rRNA synthesized is processed normally during a 15-min chase period ( Fig. 3E and F) .
RESULTS

Isolation
Induction of maltase. Enzyme induction requires de novo synthesis of mRNA. (Fig. 4) . In whole cells the induction of maltase is virtually unaffected over a period of 6 h in the presence of up to 20 ,ug of actinomycin D per ml (Fig. 4B) . In spheroplasts, however, the induction of maltase does appear to be affected by actinomycin D (Fig. 4A) . The rate of induction in the presence of 1 jig of actinomycin D per ml is not significantly different from the rate of induction in the untreated control culture. Reduction of total activity may be explained by the lysis of actinomycin Dtreated spheroplasts during the prolonged incubation required for induction. Maltase inducibility in the remaining intact spheroplasts appears to be nornal; it is certainly not inhibited to the same extent as is the synthesis of RNA (Fig. 2) . evisiae. In view of the impermeability and resistance of wild-type yeast to this antibiotic (Table 1; 17), it is likely that the acdl mutant allele results in increased uptake of the drug. The temperature sensitivity effects of the mutation may reflect alterations of membrane properties that accompany the specific change in perneability.
Actinomycin D treatment is lethal, with kinetics similar to the rapid cell death observed in yeast deprived of the DNA precursor dTMP (1 (19) have found that cycloheximide treatment inhibits the synthesis and processing of rRNA's. The present finding of normal rRNA processing in the presence of low doses of actinomycin D is in agreement with findings in other actinomycin D-sensitive eucaryotes (2, 14) .
The mutant strain AG1 may be useful in studies of the dependence of various cellular processes on the synthesis of rRNA in S. cerevisiae.
